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1 Introduction
In this contribution we discuss aspects related to PUSCH Resource Configuration for 2 step CFRA.
2 Discussion
Configuration of PUSCH Resources/Occasions for 2 step CBRA: For the PUSCH resource configuration, msgA-PUSCH-ResourceList is included in common configuration of BWP. If 2 step RA is supported in a BWP and msgA-PUSCH-ResourceList is not included in common configuration of that BWP, msgA-PUSCH-ResourceList  from initial BWP is used. msgA-PUSCH-ResourceList is a list of MsgA-PUSCH-Resource. MsgA-PUSCH-Resource IE includes PUSCH parameters to determine PUSCH occasions with respect to a PRACH slot. The same configuration is applied to determine PUSCH occasions corresponding to each PRACH slot. Figure 1 is an illustration of PUSCH resources with respect to PRACH slot based on parameters configured by MsgA-PUSCH-Resource IE as specified in TS 38.213.
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Figure 1
Observation 1: Parameters in MsgA-PUSCH-Resource IE configures a set of PUSCH occasions/resources with respect to a PRACH slot.
Observation 2: The same configuration is applied to determine PUSCH occasions corresponding to each PRACH slot.
Mapping of RO/preambles to PUSCH resources for 2 step CBRA:
As per TS 38.213, all the 2 step contention based preambles in RACH occasions (ROs) of a PRACH slot are mapped to PUSCH resources of that PRACH slot. Figure 2 is an example illustration where there are 4 PRACH occasions in a PRACH slot. There are 4 PUSCH slots corresponding to a PRACH slot and there are two PUSCH occasions per PRACH slot. Each PUSCH occasion also has four DMRS resources. The number of 2 step contention based random access preambles per RO is 8. So basically there are 32 preambles (4 RO * 8 preambles per RO) in PRACH slot which are mapped to 32 PUSCH resources (i.e. 8 PUSCH occasions * 4 DMRS resources per PUSCH occasion).
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Figure 2
Observation 3: Each 2 step contention based preamble in each RO of a PRACH slot is mapped to PUSCH resources (PO+DMRS) of that PRACH slot.

Configuration of PUSCH Resources/Occasions for 2 step CFRA:
PUSCH resources for 2 step CFRA can be configured in similar manner as 2 step CBRA. However instead of using one of the configuration in msgA-PUSCH-ResourceList configured for 2 step CBRA, it is preferable to have an independent configuration for determining PUSCH resources for 2 step CFRA. If PRACH occasions are shared between 2 step CBRA and 2 step CFRA, the same configuration will lead to same PUSCH occasions for contention based and contention free RA leading to collisions. The same configuration will also lead to same number of PUSCH resources 2 step CBRA and 2 step CFRA. However these can be different depending on number of contention free resources (preambles/ROs) and contention based resources (preambles/ROs). So we propose the following:
Proposal 1: MsgA-PUSCH-Resource IE is included in RACH-ConfigDedicated to configure PUSCH resources for 2 step CFRA.
For 2 step CFRA, UE is configured with a list of [SSB/CSI RS, preamble]. For a given [SSB/CSIRS, Preamble], UE needs to know which PUSCH resource to use amongst the configured PUSCH resources. In case of 2 step CBRA, UE is aware of all the 2 step contention based preambles (number of preambles per SSB* max [1, number of SSBs per RO]) in each RO of RACH slot and based on pre-defined mapping rule each preamble in each RO of RACH slot are mapped to PUSCH resources. So once UE has selected RO and preamble it can know the PUSCH resource to use. 

However in case of 2 step CFRA, UE is not aware of all the 2 step contention free random access preambles in each RO of RACH slot. UE only knows its contention free preambles(s). These contention free preambles also cannot be used in all the ROs. Each preamble can be used only in RO(s) corresponding to SSB for which that preamble is assigned to UE. In the absence of information about the contention free preambles in each RO of PRACH slot, the existing mapping rule as defined for 2 step CBRA cannot be applied as it is.

So the simple approach would be that network also indicate PUSCH occasion in addition to preamble. The PUSCH occasions corresponding to a PRACH slot can be indexed (i.e. PUSCH occasion corresponding to a PRACH slot is sequentially numbered (e.g. from zero), first, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions; second, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PUSCH slot and Third, in increasing order of indexes for PUSCH slots corresponding to a PRACH slot). PUSCH occasion index is signaled by network in addition to preamble as shown below.
-- ASN1START

-- TAG-RACH-CONFIGDEDICATED-START

RACH-ConfigDedicated ::=        SEQUENCE {

    cfra                            CFRA                              OPTIONAL, -- Need S

    ra-Prioritization               RA-Prioritization                 OPTIONAL, -- Need N

..., 

[[

ra-PrioritizationTwoStep-r16
RA-Prioritization



  OPTIONAL, -- Need N

cfra-TwoStep-r16                CFRA-TwoStep-r16                  OPTIONAL  -- Need S
]]

}

CFRA ::=                    SEQUENCE {

    occasions                       SEQUENCE {

    rach-ConfigGeneric      RACH-ConfigGeneric,

    ssb-perRACH-Occasion    ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}      OPTIONAL  -- Cond SSB-CFRA

    }                                                          OPTIONAL, -- Need S

    resources                       CHOICE {

        ssb                             SEQUENCE {

        ssb-ResourceList       SEQUENCE (SIZE(1..maxRA-SSB-Resources)) OF CFRA-SSB-Resource,

        ra-ssb-OccasionMaskIndex        INTEGER (0..15)

        },

       csirs                           SEQUENCE {

       csirs-ResourceList    SEQUENCE (SIZE(1..maxRA-CSIRS-Resources)) OF CFRA-CSIRS-Resource,

       rsrp-ThresholdCSI-RS            RSRP-Range

        }

    },

    ...,

    [[


totalNumberOfRA-Preambles-v1530 INTEGER (1..63)     OPTIONAL -- Cond Occasions    


]]

}

CFRA-TwoStep-r16 ::=                        SEQUENCE {

  occasionsTwoStepRA-r16             SEQUENCE {

  rach-ConfigGenericTwoStep-r16       RACH-ConfigGenericTwoStepRA-r16,

  ssb-perRACH-OccasionTwoStep-r16     ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen} OPTIONAL  -- Cond SSB-CFRA

} OPTIONAL, -- Need S
resourcesTwoStepRA                       CHOICE {
 msgA-CFRA-PUSCH-r16




MsgA-PUSCH-Resource-r16,

ssb                             SEQUENCE {

        ssb-ResourceList       SEQUENCE (SIZE(1..maxRA-SSB-Resources)) OF CFRA-SSB-Resource,

        ra-ssb-OccasionMaskIndex        INTEGER (0..15)

        },

       csirs                           SEQUENCE {

       csirs-ResourceList    SEQUENCE (SIZE(1..maxRA-CSIRS-Resources)) OF CFRA-CSIRS-Resource,

       rsrp-ThresholdCSI-RS            RSRP-Range

        }

    },

}

CFRA-SSB-Resource ::=           SEQUENCE {

    ssb                             SSB-Index,

    ra-PreambleIndex                INTEGER (0..63),

    ...
   [[

pusch-OccasionIndex

PUSCH-Occasion-Index 

OPTIONAL Cond 2STEP-RA
      ]]
}

CFRA-CSIRS-Resource ::=         SEQUENCE {

 csi-RS           CSI-RS-Index,

 ra-OccasionList SEQUENCE (SIZE(1..maxRA-OccasionsPerCSIRS))OF INTEGER(0..maxRA-Occasions-1),
ra-PreambleIndex                INTEGER (0..63),

    ...
[[

pusch-OccasionIndexList SEQUENCE (SIZE(1..maxRA-OccasionsPerCSIRS))OF PUSCH-Occasion-Index,

]]
}

PUSCH-Occasion-Index  ::= 
INTEGER (0..max2StepRA-PUSCHOccasionsPerPRACHSlot),
}

-- TAG-RACH-CONFIGDEDICATED-STOP

-- ASN1STOP

Proposal 2:PUSCH occasion index is signaled in RACH-ConfigDedicated in addition to ra-PreambleIndex.
Proposal 3:The PUSCH occasions corresponding to a PRACH slot are indexed, first, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions; second, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PUSCH slot and Third, in increasing order of indexes for PUSCH slots corresponding to a PRACH slot.
During the 2 step CFRA, the random access resource selection is performed as follows:

· UE first select SSB where selected SSB is the one for which SS-RSRP is above a configured threshold (threshold is signaled by gNB) and for which contention free random access resources are provdied. 
· UE select preamble (indicated by ra-PreambleIndex) corresponding to selected SSB

· UE then select RO corresponding to selected SSB
· UE then select PUSCH occasion indicated by pusch-OccasionIndex from PUSCH occasions corresponding to PRACH slot of selected RO.

Proposal 4:  During the contention free random access resource selection, UE select PUSCH occasion indicated by pusch-OccasionIndex from PUSCH occasions corresponding to PRACH slot of selected RO
Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposal:
Proposal 1: MsgA-PUSCH-Resource IE is included in RACH-ConfigDedicated to configure PUSCH resources for 2 step CFRA.
Proposal 2:PUSCH occasion index is signaled in RACH-ConfigDedicated in addition to ra-PreambleIndex.
Proposal 3:The PUSCH occasions corresponding to a PRACH slot are indexed, first, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions; second, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PUSCH slot and Third, in increasing order of indexes for PUSCH slots corresponding to a PRACH slot.
Proposal 4:  During the contention free random access resource selection, UE select PUSCH occasion indicated by pusch-OccasionIndex from PUSCH occasions corresponding to PRACH slot of selected RO
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